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1. 0 INTRODUCTION 

Interest has been expressed 1n the short term stability characteristics of 
the ALSEP Data Transmitters. If this stability is adequate, it becomes possible 
to use the carrier for certain moon/ earth relationship measurements. The pur­
pose of this ATM is to define the carrier stability and to provide samples of 
typical stability data applicable to ALSEP's 1 through 4. The data presented 
should perrnit those interel5ted in such potential use to determine if the stability 
is adequate for their needs. 

2. 0 SUMMARY 

Short term crystal oscillator stability is variously referred to as 11 rms 
fractional frequency deviation 11

, 
11 normalized standard frequency deviation'', 

11 rms frequency deviation 11
, 

11 rm s phase deviation 11 and others. It is generally 
agreed that short term crystal oscillator stability is defined as the normalized 
standard deviation of the frequency or phase about the average center frequency 
or phase. 

The specified value of short term stability for the ALSEP transmitters 
used in ALSEP's 1 through 4 (#2 is EASEP) was better than 2. 2 x lo-10 parts 
per second. Measurements on all AT .SEP transmitters gave results 
better than the specification with typical values of flight units showing 
0. 67 x lo-10 parts per second. 
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Crystal oscillator short term ::;tability not<ltional syn1bols arc as varied as 
1s the non1enclature presented in the SUMMARY. Son1e of the m.ore conunonly 
used syrnbolb will be used in the presentation of relationships below: 

a) s 

b) 6, f or 6cj> 

c) fo 

d) Wo 

e) "/;.II' 

£) I;· 

g) d/·= ~- /o..., 

h) tr-r 

i) fb 

j) rff~· 

k) c = 

= 

= 

= 

= 

= 

= 

= 

= 

.. 
--

= 

short term stability to be deterrnined 

::;ta ti stically derived standard deviation (sigma, (J) 
of <t large s;-unple of frequency or phas~..~ deviations 
fron1 the average non1inal 

average frequency of the signal being measured 

average time of n averaging periods 

period of the i-th rnea suren1ent 

deviations of the i-th measurement 

standard deviation of n periods around the 
average period. 

average beat frequency 

deviation of the beat frecptcncy during the 
i -th n1easurernent 

ntunber of periods counted 111 %v 

The commonly ased basic stability definition 1s as follows: 

1) S = A£ = 
f 0 Wo Yew 

~ f 

If "rms fractional frequency deviation £0 1s given and phase stability is 
de sired, rearrangement of 1) provides the relationship. 
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Measurements of frequency or phase deviation are typically n1adc 

by beating the output of the oscillator circuit under test with a known highly 

stable oscillator output and measuring the deviations of the lower fre­
quency beat which would ideally be the sanw as the desired averaging 
period T. Typical methods used to nwasure the beat deviations vary. 
The gated counter method is used for tlu~ ALSEP ll"dllSlllilfl'l" short 

tcrrn oscillator stability measurements. The measurenwnt pl'riod T, 

chosen to be approxin1ately ont• second, is n1casured by a gated counter. 
Thirty (10) consecutive samples are averaged to determine the average 
period (T av)· The standard deviation of the individual periods (o T) fue the 
average lot of 30, is obtained from t.i1c standard deviation forrnula: 

3) 
T 

4) T 

(T. - T ) 
1 av 

2 J 1/2 

standard deviation around 
the average period 

ave 
1 

fb 
T. 

1 

... average period 

The equation to use period measurernents, instead of frequency n1ca­
surcments is derived below. 

5) 
l fb fb+ 0 fi - ofi 

T. = ----- = = 
1 fb + 0 fi fb (fb + 0 fi) fb ( fb + 0 fi) 

fb+ofi 0 fi 
T. --

fb (fb + 0 fi) fb ( fb + c5 fi) 1 

1 ofi 
T. = - --------

1 fb fb ( fb + 6 fi) 

0 fi is much smaller than fb may be ignored in the denominator 

RI!V. NO. 

OF 



Aerospace 
~~ems Division 

(,) 

7) 

Since T i - T ave 

H) 

9) 

6T. 
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[,T' 
,L 

fJ fi 

( fb)
2 

substituh· in equation nand obtain: 

o T 

SlrlCC [ 

• 
• • 

Ln 1 
n 

] 1 : 

then 0 T 

a.nd .6.£ -·· 

(-bfi) 2 J 
.6.£ 

(£b)
2 

2 
(fJ fi) 

1/2 

o T (fb )z 

s .6.f crT (fl?)z 

fo fo 

J 
1/2 

.6[ 
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Jn usc of the beat frequency tnethod, a OlH' cycle beat is not practical 
to adjust and rnaintain. Typically, a I Klli'. beat is used and Uw gated 
counter is set to llH!asur·<· I 000 periods to a r·riVl' al one second. The OlH' 

second period rneasurcnH·nts ar<· therefore .u1 algebraic accutnulation of 

the inrljvidual I rnillisecond period::> and if divided by I 000, repr·est·nt the 

avcragv I rnillisccond variation based on l second. ln orcll·r to usc 
(~quation 9), this I 000 to I relationship rnust be considered. Tlw stati::>iical 
sigma for )(l san1ples of one s<·cmHI periods rnust lw divided by I 000 

(sarne as dividing each I sec sarnpll• by I 000 prior to obtaining the sign1a). 
The stabiJity factor is actually that of the I second periods, but for 

purposes of using the equation with a fb of 1000, the 1-second sign1a rnust 
he divided by 1000 to be consistent with the beat frequency. If it was 

desired to obtainS for 1/10 second p<·riods, the gated countl'r would be 
set for I 00 counts and the l /10 second period sigrna would be divided by 
I 00 ];efore insertion into equation 9. 

For applications using a I 000 Hz beat and a I 000 sample ( 1 second) 
averaging time, equation 9) becomes 

9) s 

I 0) 

o T 
2 

-~-Ji_i?) ___ _ 
fo 

where T ave is very close to I. 000 and (fb) IS very close to I OOO,C becomes 
I 000 and I 0) simplifies to 

1 I ) s 0 T 1 o-1 

fo 

The measurements for the ALSEP Flight lransn1itter local oscillators 
provided the following data: 

fo 142 X l 0
6 

T ave l sec 

fb l 000 Hz 

No. Samples )0 
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. -I 0 
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Figure 1 shows the test configuration. 
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The reference oscillator has an S 1 x 10 for f~- and I sec 

averaging period or nearly an order of rnagnitude better than the unit under 
test. This accuracy is just sufficient to contribute very little error to the 
rneasurernents of the tc st items. 
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r---------
1 TEST 

l 
osc 10 DB ~~~:~R I 
AND 
FIXTURE 

~.---·~·~ ~·- . ~-~ 

'--(142 .. -281 Me) I 

[}j 
FILTER':' ________ _j 
(142Mc) (142.282Mc) 

~
YNTHESIZER 

DRIVER 
_JP5110A 

~
-l~~QUENCY 
YNTHESIZ~R 

P 5110A 
(35. 5705-Mcl 

~-t--1~--~-~~-·._}~------[o_n~] 
NOTE: The Test Fixture and tmit under test must be enclosed in a 

temperature shield when short-terrn st<lbility measurements 
are to be recorded. 

>!<This equipment is not necessa.ry if the harmonic output of the 
synthesizer is able to drive the mixer. 

Figure 1 Short Term Stability Test Setup 
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